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SUMMARY 


Tests were conducted on untapered constant-span 
wings of ' 0° , 30°, i|5°> and 60° sweepback. The purpose 
of these tests was to investigate the effect of sweepback 
on stability and control characteristics. 

The data showed large changes in longitudinal sta- 
bility at moderate lift coefficients for the )^° and 60 ° 
swept-back wings. The. lateral stability, the slope of 
the lift curve, and the effect! veness of the aileron and 
the split flap at small angles of attack varied with 
angle of sweepback about as much as would be expected 
from simple theoretical considerations. Spoilers were 
much less effective than would be indicated by simple 
theory . 

all the swept wings with flaps neutral reached a 
maximum value of about 20° effective dihedral at some 
lift coefficient. Dbooping .the wing tips- decreased the 
slope of rolling-moment curve plotted against angle of 
yaw. Because' the reduction increased with increase in 
lift coefficient, drooping the tip 3 appeared to be a 
promising means of reducing the unfavorable lateral sta- 
bility characteristics of wings with large sweepback. 

The ailerons were capable of trimming out the rollin 
moment caused by only small angles of sideslip for the 
highly swept-back wings. .The small change in pitching 
moment caused by aileron deflection indicated that wing- 
tip elevators having swept-back hinge lines would be 
relatively ineffective on highly swept-back wings. 

The maximum lift with flans neutral remained about 
the same for all angles of sweepback. The increment of 
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maximum lift caused by the split-flap deflection decreased 
with angle of sweepback to approximately 0 for the 
6o° swept-back wing. - 


INTRODUCTION 


Much interest has been shown in the possibility of 
using wings with large amounts of sweepback for high- 
speed missiles and aircraft. Analyses presented In refer- 
ences 1 and 2 show that the lift on a swept-back wing 
depends primarily on the component of velocity normal to 
the wing leading edge. Reference J shows that this compo- 
nent of velocity also Is a most important factor in deter- 
mining compressibility effects and points out that, from 
consideration of compressibility, the critical flight Mach 
number of a swept-back wing should be higher than that of 
an unswept wing. In order to minimize the adverse effects 
of compressibility at high Mach numbers, the angle of 
sweep should be such that the component of velocity normal 
to the leading edge does not exceed that corresponding to 
the critical Mach number of the airfoil sections. 

Since very little data are available on wings having 
angles of sweep greater than tests of an exploratory 

nature were made of wings having angles of sweepback 
of 0°, p0°, L. 5 0 , and. 60°. These tests were r.c*dc in the 
6- by 6-foot test section of the Langley stability tunnel 
to Investigate at low speeds the stability and control 
characteristics of swept-back .wings . The' effect of 
sweepback on the effectiveness of an aileron, a split 
flap, and a spoiler was investigated for each sweepback 
angle tested. The effect of a drooped tip was investi- 
gated for the I 4 . 5 0 swept-back wing, and the effect of 
increased aspect ratio was investigated for the 0° and 
lj-5° swept-back wings . 

Although these tests were made at low airspeeds, the 
data are also of importance in application to transonic 
speed because, as painted out in reference 3, if the 
wings are designed with proper sweep, the wing will have 
the same characteristics as at subcritical speed. 
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SYMBOLS 


The data are referred to the stability axes, which 
are a system of axes having their origin at the quarter 
chord of the mean aerodynamic chord and in which the 
Z-axis is in the plane of symmetry and perpendicular to 
the relative wind, the X-axis is in the plane of symmetry 
and perpendicular to the Z-axis, and the Y-axis is perpen- 
dicular to the olane of symmetry. All moments are given 
about the quarter chord of the mean aerodynamic chord. 


C L 

^Vax 


Cy longitudinal-force coefficient 


Cy lateral-force coefficient 


C i rolling-moment coefficient 


C m pitching-moment coefficient 


C n yawing-moment coefficient j 

L lift 

X longitudinal force 

Y lateral force 

L ' rolling moment about X-axis 

M pitching moment about. Y-axis 

N yawing moment about Z-axis 




lift coefficient ( — ] 

\ qS / 

maximum lift ’coefficient 


k 
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q 

p 

v 

3 

c 


b 


x 





dynamic pressure 



mass density of air 
free-stream velocity 


wing area 


chord, of wing, measured parallel to axis of 
symmetry 


mean geometric chord of 
to axis of symmetry 


wing, measured, parallel 



span of wing, measured oerpendi cular to axis of 
symmetry 

distance from leading edge of root chord to the 
quarter chord of the mean geometric chord 



distance .'of. . the quarter- chord point of any chord- 
wise section from the leading edge of root 
section 

slope of the curve, of lift coefficient plotted 
against angl& of attack 

slope of the curve of rolling-moment coefficient 
plotted against angle of yaw 

slope of the curve of yawing-moment coefficient 
plotted against angle of yaw 

slope of the curve of rolling-moment coefficient 
plotted against aileron angle 


a 


angle of attack, measured in plane of symmetry, 
degrees 
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\|/ angle of yaw, positive when right wing is back, 

degrees 

A angle of sweepback, degrees 

S a aileron deflection, measured in a plane perpen- 

dicular to leading edge, degrees 

6g flap deflection, measured in a plane perpendicular 

to leading edge, degrees 

A aspect ratio (b^/s) 

E e effective edge- velocity correction factor for 

lift (reference L|_) 

E' e effective edge-velocity correction factor for 

rolling moment (reference U ) 

t) aspect-ratio correction factor for lift 



p' aspect-ratio correction factor for rolling moment 



where subscript 0 refers to unsweot wings having the 
same wing-panel shape as the swept-back wings, and the 
subscript. A = 0 refers to the wing tested with zero 
sweepback. 


APPARATUS AND MODELS 


The present tests were conducted in the 6- by- 6-foot 
test section of the Langley stability tunnel. 
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The model consisted of two rectangular wings of tne 
NACA 23 OI 2 airfoil section. The wings were first cut to 
obtain an angle of 60 ° sweepback and then were fastened 
together with steel brackets . The model was cut suc- 
cessively to obtain angles of sweepback of 45 ° > 3^° , 
and 0°. For all the wings tested the chordwise dimension 
of the wing measured perpendicular to the leading edge 
was 10 inches. Most of the tests were made on wings 
having a scan of jQ inches. A few tests of the 0° and 45 ° 
swept-back wings were made with spans of kO .92 and 
58 inches, respectively, each model having an aspect 
ratio of k . 13 . The aspect ratio of the wings varied with 
each angle of sweepback. (See fig. 1.) 

The right wing of each model was equipped with a 
plain 0.20c chord aileron, which had a span equal to one- 
half the semi span of the wing, kith a change in angle 
of sweepback the aileron and wing were cut in such a w ay 
that the span of the aileron remained equal to one -half 
the semispan of the wing. The hinge line of the aileron 
was parallel to the leading edge of the wing. The gap 
between the aileron and wing was sealed with plastecine. 

The split flan tested on the model was made of 

inch sheet steel. The flan had a chord equal to 0.20c 

16 

and a span equal to one-half the span of the wing. The 
flap extended across the center section of the model, with 
the flap hinge line parallel to the leading edge. 

Spoilers, also made of -“-inch sheet steel, were 

l6 : 

tested on the model. The spoiler was. .mounted forward of 
the aileron at the 0 . 70 c position on. the right wing and 
extended from the inboard end of' the aileron to the wing 
tin . 

For most of the tests the tips of the wings were 
tips of revolution, but drooped tins were also tested on 
the k3° swept-back wing. Drooped tips increased the span 
of the wing to 58 inches. (See figs. 1 and 2(a).) 

The model was mounted on the three-strut support and 
because the angle-of -attack sting for angles of sweepback 
of 30 °, k5°> and 60 ° was long, a cross bar was required 
to furnish additional rigidity to the model. (See 
figs. 2(a) and. 2(b).) 
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All the tests ’.-ere run at a dynamic pressure of 
39 •? pounds per square foot. This value corresponds to 
a Hach number of about O.165. The Reynolds number varied 
from, about 990 > 000 to about 1,960,000 because the chord 
of the wing, measured parallel to the axis of symmetry, 
was a function of sweep. 

For each of the swept-back wings, tests were made 
at 0 ° and t 5 ° yaw. For each of these yaw angles the 
uncorrected angle of attack was varied from -6° to 26 ° ^ 
in 2 ° increments. For each angle of sweepback, tests 
were also made at 0° and 10° angle of attack for varying 
yaw angles. The angles of yaw for these tests were 0 °, 

+1°, +2°, +5°, ±10°, ±15°, ±20°, and +25 0 . 

The aileron tests were made with angles of 0 ° and 
± 19 ° deflection for each sweepback angle . The split flap 
tested was set at a deflection of 60 ° . In each case the 
angles of deflection were measured in a plane perpendicular 
to the leading edge of the wing. 

Although the spoiler height in inches. was constant 
for most of the tests, the spoiler height in fraction of 
chord was not constant. For 0 ° sweep the spoiler deflec- 
tion was 0.10c, for the J0° swept-back wing the spoiler 
deflection was 0.087c, for the f5° swept-back wing the 
spoiler deflections tested were 0.035 c and 0.071c, and 
for the 60° swept-back wing the spoiler deflection was 
0.025c. 

CORRECTIONS 


A static calibration of the model setup was made and 
the angular .deflect ions of the model due to pitching loads 
were determined. The data were corrected for the changes 
in angle of attack .caused by. pitching moments. No tares 
were taken for the support struts, angle-of-attack sting, 
and cross bar , 

Since no systematic tunnel corrections for swept- 
back wings have been investigated, approximate correc- 
tions for tunnel-wall effect were applied to the drag and 
rolling-moment coefficients and to the angle of attack. 

The following approximate corrections were applied; 
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£C X - ~6w ~ CLp^ 

- 5? • ? 6 W | c Lt 

AC Z, - KC lt 


where 

5 W the boundary correction factor obtained from 

reference 5 

3 wing area 

C tunnel cross-sectional area, Jo square feet 

Cl, uncorrected lift coefficient 

C i uncorrected rolling-moment coefficient 

t 

K a correction factor from reference 6 corrected 

for application to these tests by taking into 
account the changes of model and tunnel size 

The following table gives values of the correction 

factors used .for . each of the sweet -back wings: 


A 

( deg) 

l 

A 

( sq ft) 

6 W 

j 

K 

0 

4-13 

2.82 

0 • 147 

1 0.02 

0 

5-03 

3 .45 

•154 

.02 

30 

4.36 

3 . 98 

• 154 

.02 

45 ; 


8- • b ( 

.154 

.03 

45 

L.13 

5.66 

! .163 

.03 

1+5 ( droooed tin ) 

4.02 

i 3-41 

i .16? 

.03 

60 - 

2.52 

! 6.89 

1 — — . — - — 

j . 15a 

.03 


No corrections were applied to the data to take into 
account the tunnel-wall effect on the model at large yaw 
angles when the wing tips were very close. to the tunnel 
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wall. The curves on the figures are shown dashed for 
that range of yaw angle for which the data probably were 
most seriously affected by wall interference . 


DISCUSSION 


The basic data obtained from these -tests are presented 
in figures- 3 to 35 and an index of these figures is given 
in table I.. Some results are summarized and compared with 
theoretical results in figures 36 to 4 3 . A comparison of the 
data of figures 3 to 35 indicates many differences between the 
characteristics of a wing with no sveepback and wings with 
large amounts of sweepback. These differences are 
particularly noticeable for the variation of lift, pitching 
moment, and rolling moment with angle of attack. 

. Plain wings .- The decrease in the slope of the lift 
curve with sweepback and aspect ratio is shown in 
figure' 36 with an estimated curve. 

The maximum lift coefficient of. the wings without 
flaps was approximately- independent of the 4 angle of 
sweepback, ’ but the angle of .attack at maximum lift varied 
nearly inversely as the cosine of the angle of sweepback. 

The shape of the curves of lift and bitching moment 
of the highly swept-b&.ck wings as a 'function of angle of 
attack are decidedly nonlinear (figs, 3( a )> 10(a), 
and 13(a)). The wing with 60° sweepback at about Cl = 0 .3 
and the wing with i|5° sweepback at about Cl = 0*75 show 
an increase in the slope of the lift curve and a diving 
tendency, indicated by the sudden change in slope of the 
pitching -moment curve. These characteristics indicate 
an increase, in .load at the tips, possibly accompanied by 
a rearward shift; of the center of pressure at each section. 
Tuft observation at this attitude indicates the air flow 
to be rough and: nearly parallel to the wing leading edge 
near the root and center parts of the wing. at higher 
angles of attack the expected tip-stalling tendency of 
swept-back. .wings was encountered; this tendency is indi- 
cated by the rounding of the lift curve, by the unstable 
slope of the. pitching-moment curve., and by large increases 
in drag. The longitudinal-force coefficient near Cl^^ 

is at least 5 times as -great for -the wing with 60° sweep- 
back as for the unswept wing (figs. 3 (b) and 27(b)). The 
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increased chord of the drooped tips on the wing with 
I 4 . 5 0 sweepback had no appreciable effect on the unstable 
pitching-moment slope caused by tin stalling (fig- 11(a)). 

Data from tests at about the same Reynolds number 
and bach number (0.1) in the Langley 3 OO MPK 7- by 10-foot 
tunnel of a semi 3 pan model of a o0° swept-back, tapered 
wing have shown qualitatively these same lift and pitching- 
moment characteristics. The wings with 0° and J0° sweep- 
back did: not show the unusual effects encountered with 
wings of I:_5° and 60° sweepback. The JO 0 swept-back wing, 
however, did have a diving tendency just before the stall 
(fig. 20(a)). -The value of Cp at which irregularities 
occur is a linear function of sweepback, as are the values 
of Cl at which tip stalling is indicated by the abrupt 
positive change in the slope of the pitching-moment curve 

(fig. 15 ) • 

The adverse effects on longitudinal stability of 
plain wings caused by large amounts of sweepback, .are. 
shown by the curves of aerodynamic center as a function 
of lift coefficient (fig. 37 ) • The curves for the L r j° 
and 60 ° swept-back wings indicate that further investi- 
gation is necessary in order to find ways of reducing 
the large neutral-point shifts shown by these data. 

The lift of the unswept wings decreased markedly 
when yawed, but as the angle of sweepback was increased 
the lift remained more nearly constant as the wing was 
yawed. Per the 60° swept-back wing the lift 'was nearly 
independent of angle of yaw (fig. p(a)). 

The rolling moment of the swept-back wings when 
yawed increased nearly linearly with lift coefficient in 
the direction to raise the forward wing until the critical 
lift coefficients were reached. The forward wing appar- 
ently stalled first when yawed at high lift coeff icients , 
as indicated by the decrease, in the rolling moment that 
tended to raise the forward wing. (For example, fig. 3(°) • ) 

The rate of change of rolling-moment coefficient 
with angle of yaw C was small and nearly the same at 
zero lift coef f i ci ent v for all dings tested (fig. 38 ) . The 
value of C.Lio however, increased' at a different rate with 

T 

lift coefficient for each wing ' tested. All the swept-back 
wings with flaps neutral reached a maximum value of Cp<, 

of about 0.00 which value in terms of a conventional 
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un swept wing of aspect ratio 6 corresponds to about 20° 
effective' .dihedral . The rates of change of C 7,.^, with 

lift coefficient measured at small lift coefficients 
(from the curves of fig* 36) are plotted against angle of 
sweenb&ck in figure 39 wi-th an estimated curve. 

The value of bCi^/bCj, for the unswept wing (0.001) 
probably can be attributed to the effects of the nearly 
blunt tip shapes (reference 7)* Of the tota'l value ox 
dCz^/dCg for the swept-back wings * possibly 

C z,^ /6 C l) = 0.001 may be attributed to the effects of 
tip shape. 

The drooped tips tested on the \: c j° swept-back wing 
acted somewhat as a low-aspect-ratio surface with negative 
dihedral and thereby reduced the values of Cy i, by about 

0.0006 .at 'Cg - 0.1 and by about 0 . 00 ip. at Cy - 0.7 
(for drooped tip 2). (See fig. 12(c).) The unfavorable 
lateral- stability characteristics of wings with large 
sw&epback can be reduced by the use of a drooped tip 
becausd the 'drooped tip decreased Cz^ in proportion to 

an increase in Cg* 

The side force and yawing moments change rapidly and 
irregularly 'when the wing is yawed at lift coefficients 
greater than the critical values when the diving moment 
occurs. At small lift coefficients the directiohal'"Sta~ 
bility ‘ C n ^ is small but favorable/ except for the 

60° swept-back wing at negative'' C y , ■ . and increases as 
some power greater than the first power of the absolute • 
value of .the lift coefficient,; this increase indicates 
that the : yawing moment is . caused mainly by the differences 
in drag, of the two sides of the wing when yawed. The 
drooped tins increased the directional stability of the 
wing with 1/5° sweepback at small lift coefficients 'but 
had no appreciable effect at large lift coefficients 
(fig. 12(c)). 

Ailerons'. - The effectiveness of a half-span 0.20c 
aileron on each of the various wings tested is : indicated 
in figure i/0 by' the slopes measured between ±15° aileron 
deflection for Cg = 0.2. Similar variations can be 
expected up to a lift coefficient of 0.3* The marked 
decrease in aileron effectiveness with sweepback combined 
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with the marked increase in Cfy indicates that with 

highly swept-back wings the ailerons cannot trim out the 
rolling moment caused by large angles of yaw. For example, 
these data indicate that JO 0 total aileron angle would be 
capable of trimming only 2°, 6°, 9°, and $2° angle of yaw 
for the 6o° , i + 5°> 30°) and 0° swept-back wings, respec- 
tively, at the lift coefficients corresponding to maximum 
C with flaps neutral (fig. 38). The curves of 

figures 5(c), 15(c), 22(c), and 29(c) show that as the 
angle of sv/eepbaclc is increased, the aileron on the rear- 
ward wing when yawed becomes progressively less effective 
in producing rolling moment and the aileron on the forward 
wing becomes more effective. For the 1 + 5 ° and 60 ° swept- 
back wings the aileron on the rearward wing when yawed 
becomes relatively ineffective. Upward deflection of the 
aileron on either wing appreciably reduces the slope C 7,, . 

r 

Because Ch a and decrease with increases in 

sweep the damping in roll could also be expected to 
decrease. The ailerons therefore may be capable of pro- 
ducing satisfactory rates of roll on highly swept-back 
wings. 

The small change in pitching moment caused by aileron 
deflection indicates that wing-tip elevators having swept- 
back hinge lines would be relatively ineffective on highly 
swept-back wings. 

Spoilers . - The effectiveness, in producing rolling 
moment, of nearly half-span spoilers located at 0.7c on 
the upper surface of the wing is summarized in figure i|_l . 
For the wing with an angle of sweepback of 60 °, the 
0.025c spoiler produced rolling moment in the wrong 
direction. The ineffectiveness of the spoiler on the 
swept-back wings in producing rolling moment is probably 
associated with a very thick boundary layer near the tip 
of the highly swept-back wings compared with that of the 
unswept wing. 

The spoiler produced characteristics similar to 
those of the aileron with regard to the variation of 
effectiveness with yaw; that is, the spoiler on the highly 
swept-back wings was totally ineffective on the rearward 
wing but more effective than at zero yaw when on the for- 
ward wing. 
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The rather large and favorable yawing, moments pro- 
duced by spoiler deflection suggest the use of a spoiler 
as a directional control device. Rolling moments can be 
produced by' spoiler action indirectly by causing favorable 
sideslip. : 

Split flaps .- The effectiveness of half-span 
0 . 20 c split flaps deflected 60 ° in changing the lift at 
0 ° angle of attack and in producing an increment in 
maximum lift is indicated in figure 42 . The estimated 
curves (dashed curves of fig. 1 + 2 .) show that the flap is 
producing about all the increment in Cp at 0° angle of 
attack that can be expected. -The flap produced no incre- 
ment in for the wing with 60° sweepback. In fact, 

the flap may even produce a decrease in x not indi- 

cated by the. data obtained. Maximum lift of the 60° swept 
back wing without flan was not obtained because of limita- 
tions of the apparatus. The value of Cp at moderate 
angles of attack was, however , appreciably increased by 
deflection of the split flaps. 

For the swent-back wings, deflection of the flap did 
not appreciably change the value of Cfy at small values 

of Cp hut at high values of Cp the value of C was 
changed considerably. At large values of Cp the one 
value obtained with flap deflected and the wing at approxi 
mately 11 ° angle, of attack indicated values of Cpy 

of O.OOlj .6 for the 30° and 0.0055 for the 1+5° and the 
60 ° swept-back pwings (fig. 38 ); 

On 'the .wings with 30°> If 5° > and 60° sweepback the. 
split flap tested was nearly self trimming in. pitch. The 
slopes .of the pitching-moment curve throughout the lift 
range were not appreciably altered by deflection of the 
split flap . .. 

Estimated characteristics .- The simple concepts 
suggested in reference 1 have been used to estimate 
certain character! s tics of the 'swept-back wings from the 
measured characteristics of the unswept wing. These 
concepts involve the assumption that changes in sweep- 
back angle, obtained by pivoting the semispan of a given 
wing about an axis in the plane of : symmetry, affect the 
loading over each semispan only insofar as sweep affects 
the components of velocity normal to the leading edge and 
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the angles of attack of these velocity components with 
respect to the planes of the wing semi spans. when the 
wings are swept back in the manner indicated (that is, 
the areas of the wing panels and the span measured parallel 
to the leading edge are maintained constant), the following 
characteristics are indicated: 



and for a given split flap or spoiler deflection 

<1C L = ^AC l ),^ =0 cos ^ A 

ACj = (iC l ) A=Q cos 2 A 


The. areas of the wings used in the present investi- 
gation were increased by . extending the wing' tips in order 
to maintain constant span as the angle of sweepback was 
increased. Tn order to apply the concepts of reference 1 
consistently, therefore, it seems reasonable to correct 
the data for the unswept wing tested to the aspect ratio 
of unswept wings having the same wing-panel plan form as 
the swept- back wings, as well as to correct for the 
effects of sweep on wings of constant wing- panel plan 
form. ■ On this basis, the following equations may be 
written (the planes in which the variables are measured 
being taken into account): 



and for a given 


split flan or spoiler deflection 



fliich the factors rj 


and p ’ 


are defined as follows.: 




f A 
,S' e A + h 


/u 


V-.e" VA=0 


In the foregoing factors, the- subscript 0 refers to 
unswept wings having the same wing- panel shape as the 
swept-back wings, and the subscript A = 0 refers to the 
wing tested with zero sweepback. The factors H e 
and E' e are the. effective, edge-velocity correction 
factors for angle^of -attack loading and for rolling moment 
respectively . ( See , ref erence Jp. ) 

The estimated characteristics are indicated by the 
dashed curves of figures 36, AO, Ipl, and Inspection 

of figures 36, 4O , and J4.2 shows that the experimental 
data for the slope of the lift curve Ci JQ , the aileron 

effectiveness Cjr , and the split flap ef i ectiveness 

w ^ 

( ACg ) a — q were slightly lower than the estimated curves. 

This variation indicates that the, yelb city- component 
concept underestimates’ the effects .of ■ sweep oh these 
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characteristics. The increment of rolling moment caused 
by spoiler deflection (fig. 1+1) decreased much faster 
with sweep than the estimated curve. This variation is 
probably attributable to the fact that the boundary layer 
is carried toward the tip as the sweepback is increased 
and also to the decrease in effective spoiler deflection 
with sweepback. 

By means of the previously discussed concepts, Betz 
(reference 1) derived an expression for the rolling-moment 
coefficient caused by sideslip as affected by sweep. In 
Betz's analysis, however, the type of sweep considered 
was one in which the leading edge of the swept wing was 
maintained in a horizontal plane regardless of the angle 
of attack of the wing. This type of sweep represents a 
condition in which the angle between the planes of the 
left and right semispan wings (dihedral angle) varies 
with angle of attack and does not apply therefore to the 
configurations of the wings considered in the present 
investigation (that is, wings swept in a manner such that 
the angle between the planes of the right and left semi span 
wings is maintained at l 80 °, or zero dihedral, regardless 
of the angle of attack). An equation, based on the same 
simplified assumptions made by Betz (reference 1), has 
been derived to apply to the wings (swept in the manner 
just discussed) of the present investigation. This equa- 
tion, which gives values of Ch<r equal to one-half those 

obtained by Betz, is as follows: 



57.3 1 + 


C L 

— — tan 


A 


The dashed curve of 'figure 39 was obtained by adding 
to the value of caused by sweep, as determined 

by the relationship just given, the experimental value 
of (dC hy/dCL^-Q • The agreement between the experimental 

and estimated curves is good but may be fortuitous because 
of the assumptions made in the derivation of the theo- 
retical relationship . 

CONCLUSIONS 


Results of tests in the Langley stability tunnel of 
untapered constant-span ’wings having angles of sweepback 
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of 0°, 30°, 45° » and 6o'° indicated the following effects 
of sweepback on stability and control characteristics: 

1. Large changes in longitudinal stability occurred 
at moderately large lift coefficients for the wings with 
1+5° and 60 ° sweepback. 

2. The rate of change of rolling- moment coefficient 
with angle of yaw increased, with lift coefficient and 
nearly as the tangent of the angle of sweepback . All the 
swept-back wings with flaps neutral reached a maximum 
value of rate of change of rolling-moment coefficient 
with angle of yaw of about 0 .OCig. with flaps deflected 
rate of change of rolling-moment coefficient with angle 

of yaw increased to about 0.0055 at some lift coefficient. 

3- Drooping the wing tips decreased the rate of 
change of rolling-moment coefficient with angle of yaw, 
and the reduction increased with increase in lift coef- 
ficient. Drooping the tips appeared to be a promising 
means of reducing the unfavorable lateral-stability char- 
acteristics of wings with large sweepback. 

If. Aileron effectiveness as measured by the slope 
of the curve of rolling-moment coefficient plotted against 
aileron angle decreased with angle of sweepback about as 
much as would be expected from simple theoretical con- 
siderations. This fact combined with the large increase 
in lateral stability with sweepback indicated that, with 
'highly swept-’oack wings , the aileron cannot trim out the 
rolling moment caused by large angles of yaw. 

5. The small change in pitching moment caused by 
aileron deflection indicated that wing-tip elevators 
having swept-back hinge lines would be relatively ineffec- 
tive on highly swept-back wings . 

6. The maximum lift coefficient of the wings without 
flaps was approximate iy independent of the angle of sweep- 
back, but the ur- 0 le of attack at maximum lift varied 
nearly inversely as the cosine of the angle of sweepback. 

7. The 3 ol it -flap effectiveness at 0° angle of attack 
decreased with sweepback. The increment of maximum lift 
coefficient with flaps deflected decreased with increase 
in sweepback and the maximum lift coefficient for the 

60 ° swept-back wing may be less than that with flap 
neutral . 
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c. Spoiler effectiveness in producing rolling moments 
decreased with sweepback much faster than would be indi- 
cated by the simple theory. The large and favorable 
yawing moments produced by the spoiler indicated that 
spoilers may be of some use in directional control. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for aeronautics 
Langley Field, Va . , March 26, I 9 I 4.6 
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Fig. 2a 
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Fig. 2b 



(b) Upstream view of 60° swept-back wing with split flaps. 

Figure 2.- Concluded. 
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Figure 6 ■ - Variation with angle of attack of the aerodynamic characteristics of a rectangular 60° swept-bocM w/ng with a 0.20c chord , 0 . 60 b span split flap 
deflected 60’. A >2.51. 
















Fig. 12a-c 


NACA TN No. 1046 




' M J 1 JUJWJJjOJ jUJU/OUT- Guiyy//-/ 


7 2 e juo/o/ggs>oo /y /7 


-84 -/6 -8 0 8 /6 84 *4 -/6 -8 0 8 /6 Z 4 -84 -/6 -8 0 8 /6 84 

Ang/e of yaw deg Ang/e of yaw , f , dog Ang/e of yaw , p , deg 

fa) C[ and C m . (b) C y and Cy (c)Cl and C n . 

Figure i'£.-\fanot/or> w/th ongte of yaw of the aerodynamic characteristics of o rectongu/or 48°swept-bock wmg with drooped tips. 













NACA- TN No. 1046 


Fig. 15a-c 
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A/jg/e of Sh/eepback ) J\,deq 

f/puro 36. ~ Var/af/on w/fh siveepbacff of aspect raf/o and of 
the e s t/ mated and exper/rmntot values of Cj . 
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Fig. 37 



Figure 37 - fanof/on of aerodynamic -center- position nth /iff coefficient 
for sever at ong/es cf sweepback. 




f/gure 3&.—Vor/at/on of w/th //ft coeff/c/r/?f for sei/era/ ang/es 
of owee pback . 
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Fig. 41, 42 



Angle of sweepback J A. ) deg 

figure 4/. - Var/o t/on w/ff? sweephocf of the estimated 
and ex pen men tat i/o/ues of AC i resu/f/ng from spotter 
def tec t/on . 



0 to to JO 40 50 60 


Angle of sweep, fl , deg 

Figure 42." Vo not/ on with sweepbacf of the estimated 
and experimental ya/aes of AG^ resuffmg from a 
sphff/ap deffe cf/on of 60 
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